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ABSTRACT
This report presents a comparison of selected statistical wind
sumnaries compiled from uppér air observations made at Patrick AFB,
Florida. A description of how this data was developed into convariance
matrices is presented. Also a brief outline of how these convariance

matrices can be utilized in control and trajectory studies is considered.
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I. INTRODUCTION

The ultimate objective in designing a missile or space vehlicle would
be to consider the simultaneous effects of itz entire flight environment.
This flight environment is composed of pressure, temperature, density, and
winds usuwally random in nature, vwhich may be described in a statistical form.
The process for describing this environment should be nonstationary rather
than the standard statiopary method. Statiorary random processes are charasc-
terized by a set of probability functions that are invariant with a change in
the time origin. When variations with time take place, the process is said
t0 be non-stationary. Since the missile or space vehicle changes altitude as .
a function of time, the wind velocity for any time varies as a funetion of )
both altitude and time. Therefore, non-stationary random processes should be
used to properly describe the environment.

Previous efforts have considered the effects of wird veloclities
separately from wind gusts or turbulence. R. E. Bieber {see reference
one) proposed a method which utilized non-stationary statistical methods
to determine missile structural loads. He demonstrated how the effects
of wind velocity combined with turbulence or gusts might be studied
simultaneously. The purpose of this report is to compare the data that
Mr. Bieber utilized for a one dimensional input with the data supplied by
the Aerophysics and Geophysics Branch. This branch is preparing the reéquired
cross-correlation coefficients in order to complete the two dimensional
wind input data. Work is also underway preparing the means, standard
deviations, and correlation coefficients for atmospheric density at
various geographical locations.

II. DEVELOPMENT OF THE COVARIANCE MATRIX FROM THE CORRELATION COEFFICIENTS
AND STANDARD DEVIATIONS

The Geophysics and Aerophysics Branch of the Aeroballistics Laboratory
supplied the data shown in Tebles 2 and 3. The procedure followed in
developing the wind covariance matrix is shown in Figure 1. The standard
deviation at one altitude for the North-South (meridiomal) wind is multiplied
by the standard deviation at another altitude and this product is then
multiplied by the correlation coefficient releting these different Nor< uh-South
winds. This computation is repeated until all the wvalues of the North-South
covariance matrix are obtained. The same procedure is then repeated for the
East-West zonal winds covariance matrix.

The North-South wind covariance is then added to the East-West wind
covariance to form a combined matrix. To the diagonal terms of this combined
matrix 1s added the diagonal terms of the North-South to the East-West
covariance matrix and the diagonmal terms of Easi-West {0 the North-South
covariance matrix. The resultant matrix represents an Incomplete two
dimensional matrix. This matrix was utilized as a one dimensiopal input by
Mr. R. E. Bieber (reference one). The resulting incomplete two dimensiomal
matrix is symmetrical, consequently only a triapguler matrix need be shown.
The two dimensional matrix can be completely developed by utllizing the non-
diagonal parts of the North-South with East-West end the East-West with the
North-South covariance matrices.




III. DESCRIPTION AND COMPARISON OF THE COVARIANCE MATRICES PRESENTED
IN THIS RErXORT
. i
The statistical procedures employed to develop the covariance meiiices
shown in Tables 4, 5, and 6 were identical. The basic date used to develop
the covariarce meirices were obiasined from the correlatior matrices shown
in Tables 1, 2, and 3. The conversion of the correlation coefficients,.and
the standard deviallons to the covarisace matrices was accouplished b
utilizing the followirng formula. {(Where X and Y are random varia.bles{
COVARIANCE (XY) =|CORRETATICN (XY)| [ STAWDAFD {X) | | STANDARD (Y) ;
COEFFICIENT DEVIATION DEVTATION 1
The main purpose of this report is to compare Mr. Bieber's covariances
vith those developed by the Aercballistics Laboratory. Although the same
procedures were employed in the computation of these matrices (Tables L, 5,
and 6), taere exisis differences in the resulis obtained. Tables 7, 8, 9, !
and 10 rrovieds a coxperison of Bispers date with the Aeroballisties ;
Iaboratory Deta. The velues siown ix Tebie Z were subtracted from the values
shown in Teble i, {o foru Teble 7. The values shown in Table 3 were sib-
tracted from the values Bhown in Table 1 fo form Table §. The values shown g
in Table 5 were subtracted fron the velues skown in Table 4 to forum Teble 9.
The values shown in Teble 6 were subtracted from the values shown in Teble 4
to form Table 10. The differences in the covariance rmirices due to the

different errangements (reference period and period of record) of the basic
observation data.

Tre basic data uvsed ir the compuliations ere:
(1} matie & employed wind dats Tor the wialter months (December,
Jaruary, February, cbservel during the paiiod Feb. 1%50 taru Feb. 1555.
{2} Tedle 5 employed wind dete only for the month of Jenuery
as observed from Januvary 1951 - December 1957.
{3} Table § employed all wirnd date observed Guring the period
canuery 1951 {i-ru Decesber 1957.

Therefore, the difference betwesn "eble 4 and Yebies 5 and 6 result
partially from combining e observationel data on a monthly, seasonal, or
anrval basie. It may be seex from this rresentetion that a seasonal (winter)
covariance matrix {Teble }) resuits in moéerets conditions reletive to the
monthly (Janwary) coveriesmce metrix. Teble 5 combines the unper alr wind
éata for a winier month (Jamwmry) only and, in general, hazs the highest
values for the covarience metrix. e to the in®luence of the summer months
the ammuel coverience has the lower coverierce values. This report, therefore,
I1lusirates the raleidve differencez in wind data stetistlically grouped '
according to different tWme refersace zeriods. ke selection of which
covariance meirix Yo use depexds upon e objectlve of the invesitigetion and
detall ox wind izput date desired.

Iv., UTIIIZATION OF EE COVARIARCE MATSLY TN COWTROL AX) TRAJECTRY STUDIES

Trere are several vays in wbich the coveriance malrlx migat be utilized
in order to obtaln a stetistical description of {the sysitem response %o winds




and/or turbulence. The approach that seems to be the most efficient consists
of taking the square root of the covariance matrix.

Flgure 2 shows the flow of information when the square root of.the
covariance matrix method is used to develop a statistical description of
the system parameters. Starting with the covariance matrix, the eigenvalues
and eigenvectors are determined by using conventional techniques. For every
eigenvalue there is a set of eigenvectors, consequently as the size of the
covariance matrix increases the amount of work te solve for the eigenvalues
and eigenvectors increases. The eigenvector matrix multipliéd by the square
root of the eigenvalue diagonal matrix is then miltiplied by the transpose
of the eigenvector matrix. The resultant mmtrix is the square root of the
covariance matrix.

The colums for the square root of the covariance matrix are then
fed into the computer program as discrete profiles. The response of the
system parameters to each one of these discrete profiles represents a
colwm of the (parameter response) matrix. When all of the profiles
have been run by the computer the metrix can be completely assembled. This
matrix is then multipliéd by its transpose. The resulilng matrix represents
the response to the covariance matrix for all the sysiem parameters. The
square root of the diagonal terms of this matrix represents the standard
deviation from the mean for each parameter as a function of altitude. The
standard deviation from the mean is multiplied by the désired number of
sigmas and then added to the response to the mean value for the W¥nds. The
resultant functions of altitude represent statistical description of the
control systenm responses.

Structural bending is a function of the output parameters of the
trajectory. Therefore, it is a straightforward matter to utilize these
parameter values to determine actual structural loads.
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